To our knowledge, few published studies have examined the influence of competitive food and beverage (CF&B) policies on student weight outcomes; none have investigated disparities in the influence of CF&B policies on children's body weight by school neighborhood socioeconomic resources.
T he sale of foods and beverages in schools outside of school meal programs has received considerable attention in the United States over the past decade.
1,2 Items such as soda, candy, and chips are called competitive foods because they are available alongside and compete with school meal programs. 3 Concerns about competitive food and beverages (CF&Bs) emerged as research documented their nearly universal availability in US schools [3] [4] [5] ; high levels of sugar, fat, and calories 6 ; and linkage with unhealthy student diets 4, 5 and weight status in some, 7, 8 although not all, studies. 9, 10 To prevent childhood obesity, 75% of states and many school districts have adopted policies to regulate CF&B items in schools.
11, 12 The policies vary in scope but have generally sought to reduce fat and sugar in CF&B items, as well as limit their availability to students. 12, 13 Reinforcing these efforts, the US Department of Agriculture issued an interim final rule on the sale of high-density foods and beverages in schools, effective 2014-2015.
14 In 2001 and 2003, California enacted among the most comprehensive CF&B policies in the nation, requiring substantial changes to public school food environments, although standards varied by school level. Effective July 1, 2004, California Senate bill 677, aimed at students in kindergarten through eighth grade, prohibited the sale of sugary beverages; required at least 50% fruit juice with no added sweeteners; eliminated added sweeteners from water and sports beverages; and limited the fat content in milk to 2%. Effective July 1, 2007, Senate bill 12 set statewide nutrition and portion size standards for competitive foods for students in kindergarten through eighth grade. The state nutrition rules for snacks in elementary schools limit the percentage of total calories from fat to 35%, the percentage of calories from saturated fats to 10%, and sugar content in snacks to 35% or less by weight. Senate bill 12 also expanded beverage standards into high schools.
To our knowledge, few published studies have examined the impact of CF&B policies on student weight outcomes 15, 16 ; none have investigated whether the influence of CF&B policies on children's body weight differs based on the socioeconomic resources of school neighborhoods. Students in socioeconomically disadvantaged schools are more likely to be overweight or obese than students in more affluent schools. 17 Some national studies have observed modest 18 or no associations between the proportion of students eligible for free or reduced-price meals and either the availability of CF&Bs, including salty, low-fat, or sweet products, at any venue 19 ; access to competitive food venues 20 ; or availability of sugary beverages when state laws prohibited their sales. 18 National studies have also found that parental education was positively associated with the availability of healthier foods 21 and that lowerincome schools had fewer available healthier products. 20 A study of Utah schools found that socioeconomically advantaged schools were significantly less likely to allow lunchtime purchase of unhealthful snacks, 22 suggesting that students in affluent schools may be more exposed to healthier food options. Given the pressing need for effective interventions to prevent childhood obesity at the population level, it is important to understand the relationship between CF&B policies and child obesity across schools located in socioeconomically diverse neighborhoods. Using a natural experiment in California for this study conducted from July 2013 to October 2014, we built on a prior study 23 to examine (1) whether changes in childhood overweight/obesity trends before and after implementation of statewide CF&B policies differed depending on the level of socioeconomic resources in school neighborhoods and (2) whether, in the postpolicy period, child overweight/obesity trends differed by school neighborhood socioeconomic resources.
Methods

Study Population
Because California statewide policies differ for elementary, middle, and high schools and because early-life nutritional habits are linked to child development and long-term health, 24 this study focused on fifth-grade students who attended California public elementary schools each year from 2001 to 2010. The state CF&B policies applicable to these students have been in effect since 2004. The combined analytic data set included 2 700 880 students in 5362 schools over the 10-year period. This study was approved by the institutional review boards of San Francisco State University, San Francisco, California, and the University of Michigan, Ann Arbor; informed consent does not apply as students are required to take the test regardless of enrollment in a physical education class. 25 
Sources of Data and Study Variables
Since 1999, California has collected physical fitness data via a physical fitness test (Fitnessgram), including measures of the height and weight of all public school students in fifth, seventh, and ninth grades annually between February and May. 25 
At a Glance
• The purpose of this research was to investigate whether the association between competitive food and beverage policies and childhood overweight/obesity trends in California differed by school neighborhood income and education levels. 
School-Level Variables
Because school characteristics might influence the implementation of CF&B policies and students' body weight, we adjusted for several school-level variables. School size was measured as the total number of enrolled students. School racial/ ethnic composition was defined based on California Department of Education information about the percentage of students in 4 major racial/ethnic groups: a school was classified as majority for a specific racial/ethnic group if it included at least 50% of students; if no single racial/ethnic group included at least 50% of students or the majority of students was from a racial/ethnic group other than white, black, Hispanic, or Asian, the school was classified as other or no majority. Because no student-level socioeconomic information was available in Fitnessgram, we used the school-level proportion of students eligible for free or reduced-price meals as an indicator of children's socioeconomic characteristics, which have been associated with childhood overweight status.
School Neighborhood Data
Census data were used to classify each school according to the level of socioeconomic resources in its surrounding neighborhood, constructing tertiles (lowest, medium, and highest) of the distributions of school neighborhood income level (measured as annual median household income of residents in the census tract where the school was located) and educational attainment (measured as the proportion of census tract residents ages 25 years and older with 16 or more years of education).
District-Level Variables
Because implementation of CF&B policies is directed at the district level, we included school-district characteristics: the total numbers of schools and of enrolled students and the percentage of students eligible for free or reduced-price meals.
Statistical Analyses Descriptive Analyses
We obtained the means and standard deviations or frequencies, as appropriate, of student-, school-, and district-level characteristics for the overall sample and within strata defined by level of school neighborhood income and education.
Models
Assuming that impacts of CF&B policies accrue gradually over time, we compared the annual change in the prevalence of overweight/obesity (ie, the slopes of the trend lines fitted to yearly prevalence) before and after the policies went into effect by levels of school neighborhood income or education. 28 We estimated annual changes in overweight/obesity prevalence using multilevel logistic regression models with overweight/ obesity as the outcome. ; and the data provide a better fit with a knot in 2005 vs 2004. This is consistent with the assumption that both policies influenced body-weight trend changes.
Cross-product interactions between tertiles of school neighborhood income and education and the year and spline terms were used to obtain trends in each neighborhood income and education level and to test whether slopes in childhood overweight/obesity prevalence during the period following policy implementation differed significantly for students attending schools in the lowest and middle tertiles relative to those in the highest tertile of neighborhood advantage. The model included multivariate normal random effects (random intercepts and slopes for the year and spline terms) with an unstructured covariance matrix at the school-district and schoolswithin-district levels to (1) account for clustering among students; (2) incorporate heterogeneity 28 of trends at both levels;
and (3) derive inferences 28 at the level of school district. Student-, school-, and district-level covariates served as adjustment factors. Supplemental models were repeated using obesity (age-and sex-specific BMI z scores ≥95th percentile) as the outcome. Separate models were constructed for boys and girls because prior research has documented that the timing of adiposity differs by sex. Analyses were completed using the R statistical package (R Foundation for Statistical Computing).
ethnic composition differed by school neighborhood income and education tertiles. The proportion of white and Asian students was higher at schools in the highest levels of school neighborhood income and education, while the proportion of Hispanic and black students was higher in schools in more socioeconomically disadvantaged school neighborhoods. Schools in neighborhoods with the lowest median annual household income had the lowest proportion of neighborhood residents who completed a college degree, higher student enrollment, and the highest proportion of students eligible for free or reduced-price meals ( Table 2) . Among schools in disadvantaged neighborhoods, 74% had majority Latino student bodies. Conversely, schools in socioeconomically advantaged neighborhoods had the lowest student enrollment and the lowest proportion of students eligible for free or reduced-price meals; 62% had majority white student populations.
Among all fifth-grade children (Table 1) , the prevalence of overweight/obesity was slightly higher each year from 2001 and 2005 and stabilized thereafter. Each year from 2001 to 2010, the prevalence of overweight/obesity was highest among students attending schools in the least-advantaged neighborhoods and lowest among those in the most socioeconomically advantaged neighborhoods (Table 1 and Figure 1) . Results for obesity were similar (eTable and eFigure 1 in the Supplement).
These patterns persisted after adjusting for differences in student-, school-, and district-level characteristics. Copyright 2015 American Medical Association. All rights reserved.
shows estimates of the trends in the odds of overweight/ obesity (and thus trends in prevalence) by school neighborhood income and education tertiles and by sex for the prepolicy and postpolicy periods. In the prepolicy period, there was a significant upward trend in childhood overweight/ obesity prevalence among all tertiles of school neighborhood income and education. After CF&B policies took effect, all groups had significant improvements in the trends (slope) of child overweight/obesity prevalence (P < .05), regardless of income and education tertiles and sex. However, in the postpolicy period, overweight/obesity prevalence trends differed significantly by school neighborhood income and education tertiles (P = .04 and P = .01, respectively) among girls and by education tertiles among boys (P = .03) (Figure 2 ). Among male and female students in the bottom 2 tertiles of school neighborhood income, overweight/ obesity trends were essentially flat; for example, the annual percentage change in overweight/obesity odds was 0.1% for females (95%CI, −0.7 to 0.9) and −0.3% for males (95% CI, −1.1 to 0.5) (Figure 2 ). In contrast, trends declined significantly among students attending schools in socioeconomically advantaged neighborhoods (P < .001). In the highest-income neighborhoods, the annual percentage decline in the odds of overweight was 1.2% for females (95% CI, 0.4 to 1.9) and 1% for males (95% CI, 0.3 to 1.8) (Figure 2 ). The flat trend in overweight/obesity among students in schools in the most disadvantaged neighborhoods differed significantly from the declining trend among children in the most socioeconomically advantaged school neighborhoods (P < .05 for all except income among boys). Results were similar for school neighborhood education when obesity was used as the outcome (eFigure 2 in the Supplement).
Discussion
We examined pre-and post-CF&B policy trends in the prevalence of overweight/obesity among California fifth-grade students by school neighborhood advantage. In the prepolicy period (2001) (2002) (2003) (2004) (2005) , the trends in childhood overweight/obesity increased significantly for students at all levels of school neighborhood socioeconomic advantage. After the CF&B policies took effect (2006-2010), the trends appeared to level off among students in the lowest and middle tertiles of school neighborhood advantage but declined significantly among students in the highest tertiles. The observed changes were similar for girls and boys.
Unlike previous research, 18, 23, 31, 32 to our knowledge, this is the first study to examine trends in overweight/obesity prevalence and changes in trends associated with the timing of CF&B policies by levels of school neighborhood socioeconomic advantage. Policies governing school meal nutritional content and CF&Bs have been associated with lower BMI z scores and reduced likelihood of overweight or obesity among elementary and middle school students 15, 23, 32 and among middle school boys, 33 although some studies have found mixed results among certain subgroups. 23, 33, 34 Evidence from a previous study suggested a plateau in obesity nationwide during 2003-2004 and 2011-2012 among 6-to 11-year-old children, 31 although trends in overweight/obesity prevalence within or across socioeconomically diverse school neighborhoods were not examined. This study adds evidence suggesting that CF&B policies are associated with improvements in overweight and obesity trends among younger students in elementary schools regardless of school neighborhood socioeconomic advantage. However, in the postpolicy period, the magnitude of improvements depended on levels of school neighborhood socioeconomic advantage. These findings suggest that the influence of CF&B policies on childhood overweight/obesity trends and disparities in trends is likely to depend on school neighborhood context (ie, features of the built environment and socioeconomic conditions surrounding schools). For example, research has found clustering of fast food restaurants near schools 35 and linked those with child BMI levels. 36 It is possible that variations in student access to unhealthy foods in neighborhoods near schools may play a major role in the observed disparities in obesity trends. This study highlights the importance of investigating the association between CF&B policies and childhood overweight/ obesity trends within the context of school neighborhood socioeconomic resources. Future research should identify both the school and neighborhood environments that support or hinder children's physical activity and healthy eating and their combined influence on childhood overweight/obesity. To accelerate progress in obesity prevention, particularly among children in disadvantaged school neighborhoods, strategically targeted programs and policies are needed including those that govern nutrition, physical education, and school-level interventions and that closely consider environmental factors within and near schools.
The Institute of Medicine recommended that schools provide more than half of the minimum of 60 minutes of moderate to intensive physical activity per day to their students. 37 However, research has found that support for physical activity and availability of physical education teachers vary across schools based on socioeconomic resources. 38 From 2004 to 2006, most California elementary school children attended schools in districts that were noncompliant with physical education mandates. 39 Physical activity resources both in and out of school may be a significant driver of disparities in obesity rates among children in schools located in poor neighborhoods compared with their counterparts in advantaged neighborhoods. The observed differential influence of CF&B policies on child overweight/obesity trends may also be explained by factors that could affect implementation of and adherence to CF&B policies. Using a relatively small sample of schools, a study found that rates of adherence to CF&B policies in California have increased over time. 40 Another study found that California youth have lower intake of fat, sugar, and total calories compared with those in states with no CF&B laws. 41 To accelerate progress, funding at the time that the policies are enacted should be allocated for follow-up strategies to ensure that CF&B policies are fully implemented and adhered to in all schools; these could include periodic evaluations and on-site monitoring. The new US Department of Agriculture standards for CF&Bs could help reduce the substantial overweight/obesity disparities by school neighborhood socioeconomic advantage observed in this study. Limitations of this study included the lack of randomization of student exposure to the CF&B policies. Because the policies went into effect at the same time at schools statewide, our findings may have been confounded by temporal trends in overweight that were not related to the policy changes or measured covariates in this study. 28 Similarly, we could not examine the extent to which the observed changes in overweight/ obesity trends in California may have been influenced by national and other state-specific policies. Although we were unable to clearly distinguish the separate impacts of the food and beverage policies on overweight/obesity trends, both are likely to have contributed to the trend changes we observed. Lack of data on variation in the implementation of the policies across schools and therefore students' actual exposure to them precluded us from assessing a dose-response relationship between the new policies and overweight/obesity trends. We were also unable to control for student-level socioeconomic factors, which were unavailable in the Fitnessgram testing, although we did examine school-level eligibility for free or reduced-price meals as well as income and education levels in school neighborhoods. We could not control for physical activity outside of school but did adjust our findings for student physical fitness levels from Fitnessgram data as an indicator of successful physical activity. Despite these limitations, we studied more than 2 million fifth-grade students nested in public schools and their respective neighborhoods and school districts statewide.
Conclusions
Our study findings point to significant improvements in child overweight/obesity prevalence trends associated with the timing of CF&B policies for all fifth-grade students, regardless of school neighborhood socioeconomic characteristics. However, this study also found that improvements in overweight/ obesity were stronger among children attending schools in socioeconomically advantaged neighborhoods relative to their counterparts in disadvantaged neighborhoods. These findings suggest that CF&B policies may be crucial interventions to prevent child obesity but the degree of their effectiveness is also likely to depend on influences of socioeconomic resources and other contextual factors within school neighborhoods. To reduce disparities and prevent childhood obesity among all children, school policies and environmental interventions must address relevant contextual factors in neighborhoods surrounding schools.
